This opinion article discusses the increasing attention paid to the role of activating damage-associated molecular patterns (DAMPs) in initiation of inflammatory diseases and suppressing/inhibiting DAMPs (SAMPs) in resolution of inflammatory diseases and, consequently, to the future roles of these novel biomarkers as therapeutic targets and therapeutics. Since controlled production of DAMPs and SAMPs is needed to achieve full homeostatic restoration and repair from tissue injury, only their pathological, not their homeostatic, concentrations should be therapeutically tackled. Therefore, distinct caveats are proposed regarding choosing DAMPs and SAMPs for therapeutic purposes. For example, we discuss the need to a priori identify and define a context-dependent "homeostatic DAMP:SAMP ratio" in each case and a "homeostatic window" of DAMP and SAMP concentrations to guarantee a safe treatment modality to patients. Finally, a few clinical examples of how DAMPs and SAMPs might be used as therapeutic targets or therapeutics in the future are discussed, including inhibition of DAMPs in hyperinflammatory processes (e.g., systemic inflammatory response syndrome, as currently observed in , administration of SAMPs in chronic inflammatory diseases, inhibition of SAMPs in hyperresolving processes (e.g., compensatory antiinflammatory response syndrome), and administration/induction of DAMPs in vaccination procedures and anti-cancer therapy.
Introduction
Twenty-six years ago, the danger/injury model in immunology was formulated and published, holding that the immune system does not care about "self" and "non-self," but that it is any form of cell stress/tissue injury, rather than the presence of a non-self (i.e., genetically foreign entitied) that induces immunity [1, 2] . The core of the danger/injury model refers to the generation of damage-associated molecular patterns (DAMPs), a term coined by Land [3] , also denoted as "danger signals" in the international literature. Current notions hold that all organisms on our planet use DAMPs for their defense against any cell stress and tissue injury [4] . Indeed, the evolutionarily determined function of DAMPs is to promote injury-induced defense responses, the aim always being to repair damaged tissue-that is, to restore homeostasis. Unique germline-encoded endogenous molecules accomplish this goal by promoting contextdependent proinflammatory responses, which transition into inflammation-resolving pathways that are driven by suppressing/inhibiting DAMPs (SAMPs), a term coined by Land [5, 6] for molecules counteracting DAMPs. Moreover, in the presence of altered-self or non-self antigens, the DAMPs shape adaptive immune responses that have the same homeostasis-restoring aim.
However, there is another side of the coin: emerging evidence from preclinical and clinical studies suggests that DAMPs and SAMPs play a critical role in the pathogenesis of human diseases. For example, excessive or prolonged production of DAMPs and/or impaired generation of SAMPs may promote hyperinflammation or chronic inflammation. Consequently, these molecules are now considered valuable diagnostic and prognostic biomarkers in human disorders [5, [7] [8] [9] [10] [11] . Moreover, the pathogenetic involvement of these molecules qualifies them as relevant drug targets or therapeutics as well. Indeed, accumulating preclinical data have encouraged envisaging DAMPs as therapeutic targets for inhibition [5, [12] [13] [14] [15] [16] [17] and administration of SAMPs as candidate drugs [5, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] for treating acute or chronic inflammatory disorders. On the other hand, DAMPs may also be
Key Points
Damage-associated molecular patterns (DAMPs) and their counteracting molecules, the suppressing/inhibiting DAMPs (SAMPs), are the core of the danger/injury model in immunology, which holds that any form of cell stress/ tissue injury (via controlled emission of DAMPs), rather than the presence of non-self (i.e., genetically foreign entities), initiates a protective immune defense response.
However, in the case of uncontrolled, dysregulated emission of DAMPs and SAMPs, these molecules are involved in the pathogenesis of many acute and chronic inflammatory diseases. This recent groundbreaking knowledge has stimulated researchers and clinicians to exploit these molecules as therapeutic targets or therapeutics.
Given the fact that controlled emission of DAMPs and SAMPs is vital for successful host defense and that it is critical for restoring homeostasis, their therapeutic inhibition in the case of pathological (excessive or permanent) emission has to be performed under strict caveats and precautions. Therefore a homeostatic window of DAMP and SAMP concentrations may be defined, and concentrations should not be outside the window's upper and lower bounds in the course of any treatment modality. adaptation strategy is to promote the restoration of homeostasis by returning the regulated variables (here DAMPs and SAMPs) to homeostatic set points. Another strategy is to switch the homeostatic set points to different values of DAMPs and SAMPs that are better suited for dealing with a given extreme hyperacute or chronic abnormal condition.
DAMP-Promoted Initiation of Inflammation
DAMPs such as high mobility group box 1 (HMGB1), S100 proteins, nuclear and mitochondrial DNA (nDNA and mtDNA), and extracellular histones are recognized by their cognate pattern recognition receptors (PRRs) on/ in cells of the innate immune system (e.g., leukocytes, M1 macrophages) and, following this process, drive inflammatory responses. As comprehensively reviewed [5] , all possible tools of the innate immune system, involving PRR-triggered, proinflammatory cellular, humoral, and molecular pathways, can get activated by DAMPs, in the case of an infectious injury together with microbeassociated molecular patterns (MAMPs), also called pathogen-associated molecular patterns (PAMPs). Secretion by DAMP-activated cells of cytokines, chemokines, and adhesion molecules, associated with leukocyte recruitment/infiltration are among the most prominent features of this inflammatory scenario. An integral part of these DAMP-promoted responses is the process of phagocytosis, which can be regarded as a critical mechanism of innate immunity, and is usually accompanied by humoral innate effector responses, including activation of the complement system.
SAMP-Driven Resolution of Inflammation
SAMPs include molecules such as prostaglandin E2 (PGE2), annexin A1 (AnxA1), and specialized proresolving mediators (SPMs) (reviewed in [5] ). Here, SAMPorchestrated inf lammation-resolving responses are exemplified by the action of SPMs as the best-studied molecules so far. In fact, the distinct functions of SPMs are multifactorial. These functions include the ability to terminate infiltration of inflammatory leukocytes into injured tissue and to mediate stop signals to limit further leukocyte recruitment. Further, SPMs have been shown to enhance macrophage phagocytosis of apoptotic leukocytes (efferocytosis) and cellular debris. In turn, macrophages, during the process of efferocytosis, were observed to produce SPMs [33, 34] . Moreover, SPMs have been demonstrated to decrease excessive oxidative stress [35] , to augment bacteria killing by phagocytes, to act at both the transcriptional and translational level, and to shorten time to resolution, via activation of endogenous therapeutically administered when enhancement of adaptive immune responses, such as antitumor immune responses [28] [29] [30] [31] [32] , are desired.
Collectively, both DAMPs and SAMPs appear highly suitable to serve as future therapeutic targets or therapeutics in daily clinical practice. Hence, focusing on some practical aspects, a few points regarding this emerging field in modern medicine are worth addressing in terms of an introduction to the future use of these molecules clinically.
DAMP-Promoted Initiation of Inflammation and SAMP-Driven Resolution of Inflammation as Fundamental Defense Principles in Restoring Homeostasis upon Any Cell Stress and/or Tissue Injury

Introductory Remarks
DAMP-promoted initiation of inflammation and SAMPdriven resolution of inflammation are responses to any infectious/sterile cell stress/tissue injury, that is, adaptive responses aiming to restore homeostasis [5] . The key resolution programs (see [36] ). For example, resolvin E1 (RvE1) and RvE2 were found to stimulate the antiinflammatory cytokine interleukin 10 and phagocytosis potently. Moreover, lipoxin A4 (LXA4), RvD1, and RvE1, as well as the maresin (MaR) intermediate eMaR, were observed to stimulate transdifferentiation of M1-like to M2-like macrophages committed to execute tissue repair and regeneration [37] [38] [39] [40] [41] [42] .
DAMPs and SAMPs in Therapy: A Design of Guidelines
Introductory Remarks
Plausibly, the controlled, context-dependent production of inflammation-initiating DAMPs and inflammation-resolving SAMPs, followed by subsequent DAMP-promoted tissue repair and regeneration, is needed to achieve full homeostatic restoration from tissue injury and, thus, must not be disturbed by therapeutic interventions.
In contrast, uncontrolled pathological production of DAMPs and/or SAMPs in the course of a disease may reflect their dysregulated (increased or decreased) emission upon infectious/sterile stress/injury. It is this indication where DAMPs or SAMPs can be exploited as therapeutic targets or therapeutics.
Hence, the routine use of DAMPs or SAMPs as therapeutic targets or therapeutics in patients is a new challenge for the medical profession and, therefore, requires a careful discussion of regulations, caveats, and adaptations. Some thoughts on this emerging hot topic in modern medicine are discussed in the following sections.
Controlled Inflammatory Response Upon
Injury: A Reference Point for Identification of a "Homeostatic DAMP:SAMP Ratio" and a "Homeostatic Window" of DAMP and SAMP Concentrations
General Remarks
The new knowledge about a controlled, protective inflammatory response upon injury refers to a DAMP-driven proinflammatory crescendo → decrescendo that proceeds (slightly shifted, but nearly in parallel with) a SAMP-orchestrated proresolving reversed crescendo → decrescendo (see Fig. 1 ). As plausible and reasonable as this definition may be in light of recent research work in inflammation, it will be difficult to safely implement this new knowledge in clinical practice. Some thoughts about this challenge are expressed in the following sections.
The "Homeostatic DAMP:SAMP Ratio"
When considering DAMPs and SAMPs as therapeutic targets or their use as therapeutics, as well as for safety reasons, one may design and apply a chronologically occurring ratio of DAMPs and SAMPs as a reference point. The selected homeostatic set point would operate in the course of a given and defined controlled infectious/sterile injury-induced inflammatory response resulting in wound healing in terms of a restitutio ad integrum. Such a "homeostatic DAMP:SAMP ratio" may also be called a "homeostatic DAMP:SAMP signature," which is required to achieve successful wound healing upon injury without further complications. According to such a model, injury-induced DAMPs are dominating during the initial proinflammatory phase, reflecting a DAMP:SAMP ratio greater than 1 (> 1). Via an intermediate ratio of ± 1, the DAMP:SAMP ratio then inverses during the resolving phase to less than 1 (< 1), and the restitutio ad integrum is finally marked by "1" (the "homeostatic set point") ( Fig. 1 ). This is complicated by the fact that usually several key DAMPs and SAMPs are acting in a given inflammatory response (which may be called a "homeostatic DAMP:SAMP pattern ratio"). Hence, in this situation, the course of the blood levels for each molecule during the inflammatory phase and the resolving phase must be determined to calculate the ratio.
The "Homeostatic Window" of DAMP and SAMP Concentrations
As suggested above, before any consideration is given to choosing DAMPs or SAMPs as therapeutic targets to be inhibited, the homeostatic concentrations of these molecules (for example, in body fluids) required to establish successful wound healing after injury (restitutio ad integrum) have to be a priori identified. The aim is to define a homeostatic DAMP:SAMP ratio in a given situation. More precisely, and for safety reasons, a "homeostatic window" for DAMP and SAMP concentrations might be worked out in orientating clinical trials aimed at guiding the chosen therapy ( Fig. 1) . The upper boundary of the homeostatic window for DAMPs should not be exceeded because of the increased risk of hyperinflammation and organ dysfunction, and the lower boundary of the window should also not be crossed because of the increased risk of compromised defensive repairingthat is, the healing processes.
On the other hand, the upper limit of the homeostatic window for SAMPs should not be exceeded because of the increased risk of hyperresolution associated with infectionpromoting immunosuppression, and the lower limit of the window should also not be crossed because of the increased risk of hyperinflammation and organ dysfunction or chronic inflammation. The final definition of such homeostatic windows in adherence to the homeostatic DAMP:SAMP ratio may turn out to be a prerequisite for any therapeutic intervention modality to be chosen-although it is not an easy one to explore.
In addition, if an effective drug has been selected, for example, a blocking monoclonal antibody (mAb), the next step would be to define a therapeutic window for the drug's dosing, which would require careful pharmacokinetic, pharmacodynamic, and pharmacogenomic studies.
Plasma Concentration of HMGB1, S100 Proteins, Circulating DNA, and Specialized Proresolving Mediators in Healthy Individuals (at a First Glance)
Plausibly, as a first reference point for defining a homeostatic window for DAMPs and SAMPs, their concentrations as potential biomarkers should be known, as measured in healthy persons (i.e., baseline values)-clearly, still a blank spot on the map. Nevertheless, initial information is available about the concentrations of the prominent DAMPs HMGB1, S100 proteins, and circulating DNA (i.e., nDNA and mtDNA), as found in healthy persons. Here, just for initial orientation, and not discussed in-depth, are a few examples. For instance, healthy individuals reportedly express plasma HMGB1 levels with a mean of 1.65 ± 0.04 ng/mL, as assessed by standard enzyme-linked immunosorbent assay (ELISA) methods, and the isoform of this constitutive HMGB1 pool is the fully reduced and non-acetylated molecule. For assessment of post-translationally modified (hyperacetylated) HMGB1, liquid chromatography-mass spectrometry is currently the only technology available [43, 44] (to compare comments on this issue, see [15] ; for the redox state of HMGB1, see [5] , Vol. 1, Part IV, Sect. 12.2.2.5 and Fig. 12.2 ; for translationally modified secreted HMGB1, see [5] , Vol. 1, Part IV, Sect. 14.3.3 and Fig. 14.4 ).
As for S100 proteins, their median plasma concentration in healthy volunteers has been estimated to be 0.052 μg/L [45] . In other studies, the median serum level of S100A4 was found to be 11.8 (0-41.5) pg/mL, which was significantly lower than the level in patients with acute myocardial infarction (MI), 89.6 (4.3-214.6) pg/mL. The cut-off value Based on (1) such an elaborated "homeostatic DAMP:SAMP ratio" and (2) targeted clinical monitoring of adverse events, a "homeostatic window" of DAMP and SAMP concentrations is recommended to be defined. The window of DAMP levels should not be exceeded because of the increased risk of hyperinflammation-associated multiple organ failure; the window of SAMP levels should not be exceeded because of the increased risk of immunosuppression-associated lifethreatening infections. HMGB1 high mobility group box 1, RvE1 resolvin E1 was set at 41.5 pg/mL (75th percentile of the S100A4 distribution in the controls) [46] .
As for circulating DNA measured in healthy individuals, median nDNA and mtDNA plasma concentrations of 1.64 × 103 and 8.32 × 107 copies/mL (measured by quantitative polymerase chain reaction [Q-PCR] analysis technology), respectively, were found, corresponding to 5.43 and 1.36 ng/mL of plasma [47] . In other clinical studies in the context of investigations in patients with acute cardiac diseases, healthy individuals were found to have a plasma nDNA concentration (measured by Q-PCR) of 0.1683 ± 0.0254 ng/μL, and for mtDNA, a concentration of 0.1517 ± 0.0924 ng/μL [48] .
Plasma concentrations of SAMPs, here SPM profiles, have also been measured using liquid chromatographytandem mass spectrometry (LC-MS) technology [49, 50] . Of note, in a recently published evaluation of SPM profiles using an optimized LC-MS method for the detection of SPMs in biological samples, Kutzner et al. [51] concluded, "SPMs were generally not detectable/quantifiable in plasma and serum of healthy individuals, while good recovery rates were found in spiked samples. These results strongly support findings that circulating levels of SPMs are very low, i.e., < 0.1 nM in healthy subjects. In samples from patients with end-stage renal disease (and peritonitis) or septic shock SPMs and precursors were detectable; however, not directly correlated with the health status and clinical outcome."
Concluding Remarks
It is not difficult to imagine that the workup of identifying and defining a context-dependent homeostatic DAMP:SAMP ratio and a homeostatic window of DAMP and SAMP concentrations to allow safe treatment options is a cumbersome clinical task. On the other hand, this situation is not new and has been previously encountered when a new kind of treatment targeting endogenous molecules was considered. Future clinical studies will have to show whether such expensive and extensive investigations are worthwhile and make sense.
Caveats for Therapeutic Targeting of DAMPs and SAMPs in Hyperinflammation and Hyperresolution
Blockade/inhibition of DAMPs in hyperinflammatory processes (e.g., systemic inflammatory response syndrome [SIRS]) should only be considered if the concentration exceeds the known "homeostatic window," in order not to jeopardize the proinflammatory protective defensive power of DAMPs. The same caveat has to be applied when considering the blockade/inhibition of SAMPs in potential hyperresolving processes. Here, it is crucial not to interfere with the resolving processes required for optimal homeostatic healing (see Fig. 1 ).
Probably the main challenge of such a novel therapeutic maneuver in hyperinflammation lies in choosing an optimal time period suitable for blocking the action of DAMPs on the one hand and subsequently inhibiting the action of SAMPs on the other. This procedure must be accurately dosed and finely tuned. Otherwise, for example, in the case of a too early blockade of DAMPs, potential pathogens may grow and spread out. On the other hand, too early inhibition of SAMPs may interfere with the beneficial repairing processes.
DAMPs as Therapeutic Targets and SAMPs as Therapeutics in Chronic Inflammation: The DAMP:SAMP Ratio as the Guideline
Today, chronic inflammation is seen as a state of non-resolving inflammation. Accordingly, two therapeutic options may be considered: inhibition of DAMPs as therapeutic targets and administration of SAMPs as therapeutics. Such maneuvers again imply that the ratio of DAMP:SAMP must be carefully measured at frequent intervals to allow proper tailor-made therapeutic decisions to be made. For example, in the case where DAMPs are inhibited too much or SAMPs are administered in doses that are too large, over an excessive time period, regulatory T cells (Tregs) may be generated to promote immunosuppression [52] [53] [54] , which is associated with increased susceptibility to infections.
In general, and when the pathogen in question is successfully controlled, as shown in the case of infection, a contextdependent combination of all three of the following concepts in moderate dosing might be the optimal therapeutic solution in chronic inflammation: (1) timely blockade of the action of DAMPs, (2) timely application/substitution of SAMPs, and (3) administration of anti-inflammatory agents.
Résumé
Harnessing DAMPs and SAMPs as therapeutic targets and therapeutics is an attractive novel therapeutic option, which will perhaps find its way into future routine treatment modalities for many human diseases. Nevertheless, one again has to realize that the intrinsic nature of DAMPs and SAMPs is to maintain and restore (potentially life-saving) homeostasis upon cell stress and tissue injury. A too drastic therapeutic manipulation of these molecules can result in dyshomeostasis, that is, pathologies and disorders. Physicians and clinicians will be confronted with a learning phase of how to handle such therapeutic interventions. Therefore, strict monitoring of the DAMPs and SAMPs within defined homeostatic windows during the whole course of the disease appears to be recommended. Some further aspects are mentioned in the following sections.
DAMPs and SAMPs in Therapy: The Various Options in Practice
Introductory Remarks
Besides the various therapeutic caveats regarding harnessing DAMPs and SAMPs as therapeutic targets and therapeutics, molecules need to be druggable, allowing the use of specific effective agents. This issue is briefly addressed in the following sections.
DAMPs and SAMPs as Therapeutic Targets
When choosing DAMPs as therapeutic targets, the DAMPs should be druggable molecules. Druggability is the property of a molecule (i.e., a biological target such as a protein or nucleic acid) that elicits a favorable clinical response when it contacts a drug or a drug-like compound. Drug targets should possess specific properties, including (1) binding with high affinity to a drug that must alter the function of the target, with a therapeutic benefit to the patient; (2) differential expression across the body for specific targeting; (3) the quality of a biomarker to monitor its efficacy; and (4) freedom to operate, that is, a lack of competitive binding [55] [56] [57] [58] . Obviously, DAMPs fulfill these criteria. The idea of choosing DAMPs, for example, HMGB1, as a therapeutic target to inhibit innate immune responses with the use of mAbs or biologicals has already been proposed by Land [59] . Today, several strategies are being discussed and applied to prevent release of DAMPs or to inhibit their activities. Such therapeutic maneuvers are worth considering in, for example, hyperinflammation (e.g., SIRS, as currently observed in Covid-19) and certain chronic inflammatory/ autoimmune diseases. Current pharmacological strategies include the use of mAbs, peptides, decoy receptors, and small molecules, but also absorption/adsorption procedures [60] . For example, plasma adsorption therapy was recently reported to adsorb HMGB1 efficiently [31] . In addition, as also discussed by Venereau et al. [61] and VanPatten and Al-Abed [62] , in the future, the development of specific HMGB1 inhibitors, such as specific small molecules, may potentiate and fine-tune the pharmacological control of inflammation.
Indications for which SAMPs may be chosen as therapeutic targets may be situations such as unwanted hyperresolution and/or immunosuppression, for example, those observed in compensatory anti-inflammatory response syndrome (CARS) following polytrauma [63] . Again, when choosing SAMPs as therapeutic targets, they should be druggable molecules.
SAMPs as Therapeutics in Chronic Inflammatory Processes
The concept of impaired resolution leading to chronic inflammatory disorders, autoimmune diseases like rheumatoid arthritis, and Crohn's disease, as well as it contributing to allergic diseases such as asthma, has paved the way to consider SAMPs as therapeutics in activating inflammation-resolving processes. In principle, potential therapeutics include adenosine, AnxA1, and SPMs, but also SPM derivatives, other synthetic small molecule agonists of SPM receptors, inhibitors of SPM-degrading enzymes (e.g., soluble epoxide hydrolase inhibitors), and modifiers of the SPM synthesis pathways. With the indications mentioned, SPMs have already been proven to have potent proresolving actions in a range of disease models. Given their potency, many drug development opportunities are possible. As outlined by Serhan [64] , aspirin and statins have a positive impact on these resolution pathways, producing epimeric forms of specific SPMs, whereas other drugs can disrupt timely resolution. As further outlined by this investigator [64] , evidence from recent human and preclinical animal studies indicates that SPMs are physiological mediators and pharmacological agonists that stimulate resolution of inflammation and infection. This observation is reason enough to use them clinically as inhibitors and antagonists alone, and to develop immunoresolvents as agonists to test resolution pharmacology and their role in catabasis for their therapeutic potential [64] . Dalli [65] argues similarly regarding the potential of resolution pharmacology-based approaches in developing new therapeutics for combating infections that do not interfere with the immune response. This issue is also raised by Schett and Neurath [66] , who discuss potential intervention strategies for fostering the resolution process and the implications for the therapy of inflammatory diseases. Indeed, given the new concept of inflammation resolution as an essential part of inflammation biology and pathology, the development of SAMPs for clinical use is a dictate of the hour. As stated by Serhan in this context [67] , "The available evidence from extensive preclinical animal models, human SPM production in vivo, and the limited results of randomized clinical trials in humans suggest that it is indeed time to consider stimulating resolution in the twentyfirst century as a new therapeutic direction for managing unwanted excessive inflammation and infection. Proresolution pharmacology can enhance the host innate response to expedite microbial clearance, limit collateral tissue damage, and stimulate tissue regeneration by enhancing endogenous resolution mechanisms that are programmed into the resolving exudates of the acute inflammatory response." Indeed, not only SPMs but also other SAMPs could stimulate the development of novel therapeutic strategies, encompassing a novel "resolution pharmacology" approach.
DAMPs as Therapeutics to Boost Innate Resistance
General Remarks
The intrinsic evolution-determined nature of DAMPs is to promote adaptive immune defense responses via activation of antigen-presenting dendritic cells (DCs) (reviewed in [5] , Part VIII, Chpt. 32). This implies that they can be used as therapeutics in situations in which a robust immune defense response is desired. Typical examples refer to promotion of anti-pathogen-directed immune processes aimed at succeeding in strong vaccination effects and induction of immunogenic cell death (ICD) in cancer cells, sought to instigate a potent antitumor immune response.
General Administration of DAMPs in Vaccination Procedures
There is a wide indication field for the administration of DAMPs to boost short-and long-term innate resistance against pathogens and cancer cells. For a long time, adjuvants have been used in vaccine formulations to induce potent adaptive (humoral!) immune responses that cannot be achieved with antigen alone [68] . Aluminum hydroxide (alum) is the most common adjuvant currently in clinical use [69, 70] that has been denoted as an exogenous DAMP [5] . Of note, in studies in mice, alum was found to cause cell death associated with the subsequent release of host cell DNA identified by the authors as a DAMP [71] . However, one has to realize that-according to current knowledgecell death leads to release of large amounts of other DAMPs as well, which all mediate adjuvanticity. Thus, it is not a surprise that the ongoing development of novel vaccines intend to incorporate the combination of DAMP-inducing adjuvants and PAMP adjuvants [72] .
Induction of DAMPs in Antitumor Therapy
The induction of ICD aimed at promoting a robust antitumor immune response is currently an emerging topic in oncology. Fired by the danger/injury model in immunology [1, 2, [73] [74] [75] [76] , a conceptual revolution in oncology has emerged in that cancer is considered to be entities that can be detected and destroyed by the immune system under certain circumstances. The core of this new concept refers to the phenomenon of ICD. Of note, however, only a few lethal stimuli are intrinsically endowed with the ability to instigate ICD, including certain chemotherapeutics, radiotherapy, certain oncolytic viruses, and photodynamic therapy [77] . They are called "ICD inducers" [78] . There is accumulating evidence indicating that these therapeutic inducers cause ICD through endoplasmic reticulum (ER) stress associated with or induced by reactive oxygen species (ROS) [79] . Typically, ICD is associated with the emission of a series of DAMPs that are generated in a precise spatiotemporally defined configuration. This coordinated emission of DAMPs then allows elicitation of a robust antitumor immune response that is associated with the establishment of immunological memory.
Concluding Remarks
The clinical use of DAMPs as therapeutics aimed at promoting adaptive immune responses is emerging, but is probably not restricted to vaccination and antitumor therapy. Other fields may be considered, for example, it may be imaginable to add certain DAMPs to antibiotic treatment in the case of intractable infections, such as that observed in infectious disorders caused by antibiotic-resistant pathogens.
Résumé
Here, in terms of a first design, some principles of the safe use of DAMPs and SAMPs as therapeutic targets and therapeutics have been tentatively introduced. Nevertheless, to implement these tasks clinically in the future, agonists to these molecules have to be developed, some are already available. For example, as reviewed by Venereau et al. [61] and Andersson et al. [15] , there are reports from preclinical studies on the successful use of polyclonal or mouse/rat anti-HMGB1 mAbs in a number of experimental inflammatory models. To enable development of HMGB1-targeted therapy for clinical use, humanized anti-HMGB1 mAbs have been designed, for example, a partly humanized, chimeric mAb targeting HMGB1 with preserved functionality compared to the parental mouse anti-HMGB1 mAb [80] . Thus, removing or neutralizing extracellular HMGB1 in infectious or sterile inflammation would be a plausible approach to ameliorate the human diseases concerned. However, up to now, there has only been limited clinical evidence for therapeutic agents that target extracellular HMGB1, but several promising candidates are in preclinical or clinical development. As concluded by Andersson et al. [15] , "Blocking excessive amounts of extracellular HMGB1, particularly the disulfide isoform, offers an attractive clinical opportunity to ameliorate systemic inflammatory diseases. Therapeutic interventions to regulate intracellular HMGB1 biology must still await a deeper understanding of intracellular HMGB1 functions. Future work is needed to create more robust assays to evaluate functional bioactivity of HMGB1 antagonists. Forthcoming clinical studies would also greatly benefit from a development of antibodybased assays to quantify HMGB1 redox isoforms, presently assessed by mass spectrometry methods…. Together, we believe that HMGB1-specific antagonists should be tested in multiple parallel clinical studies of inflammatory disease syndromes to reveal whether blocking extracellular HMGB1 will benefit patients."
Certainly, such opinions, statements, and conclusions must be discussed for antagonists of all the other critical DAMPs and SAMPs. As one can imagine, this research field-including the activities of the pharmaceutical industry-is currently in full swing, and many highly exciting reports can be expected in the near future, providing a promising expansion of the therapeutic spectrum to treat human diseases. Nevertheless, the crucial key question has not yet been answered satisfactorily: is it feasible to achieve a lasting therapeutic effect by inhibiting only one DAMP or SAMP, or do we always have to inhibit a cocktail of key DAMPs or SAMPs according to distinct determined DAMP or SAMP patterns?
Open Questions and Unsolved Problems
As partially touched on already, there is a lot of open questions and unsolved problems regarding the practical feasibility of the designed concept. In fact, this paper has been written to highlight these unresolved issues, rather than to present conclusive answers to them. For example, we cannot satisfactorily answer the question as to what distinct DAMPs and SAMPs, out of about > 35 currently known subclasses of such molecules [5] , are most significant to the calculation of the DAMP:SAMP ratio in a given disease. On the DAMP side, key molecules such as HMGB1, circulating free DNA, S100 proteins, and extracellular histones appear to be the first choice; on the SAMP side, the most studied SPMs are obviously the best candidates. Sophisticated clinical trials focused on specific diseases will have to be designed and conducted to gain sufficient knowledge regarding the key DAMPs and SAMPs involved in any given disease, allowing subsequent calculation of a ratio useful for therapeutic considerations.
For example, in trauma patients developing SIRS, the DAMP mtDNA was shown to reach plasma levels of ~ 400 ng/mL, compared to homeostatic mtDNA levels in healthy subjects of ~ 4 ng/mL (for the exact data, see [81] ). Taking 4 ng/mL as the homeostatic "1," the DAMP increased by 100 in SIRS. On the other hand, as shown in other sets of studies on surviving sepsis patients, the plasma level of the SAMP LXA4 decreased to ~ 149 ng/mL, compared to homeostatic LXA4 levels in controls of ~ 277 ng/ mL (see [82] ). Taking 277 ng/mL as the homeostatic "1," this SAMP decreased by 0.53. According to such a tentatively constructed example, the DAMP:SAMP ratio for SIRS would be 100:0.53, that is, > 1, increased by factor of + 188. As a therapeutic consequence, such data would be in favor of blocking this DAMP or substituting this SAMP, or even both. Certainly, such a calculation should be optimized by application of mathematical formulae, allowing the construction of a valid software-based algorithm for the exact timing and dosing of the selected agent.
Also, the usefulness of determining the DAMP:SAMP ratio during the complex pathogenetic interplay between DAMPs and SAMPs in a given disorder also has to be explored in future clinical trials. Such an interplay can be observed, for example, in healing after MI that is characterized by the sequelae (1) DAMP-controlled promotion of myocardial inflammation [83] → (2) SAMP-controlled resolution of inflammation [84] → (3) DAMP-promoted development of replacement fibrosis (reviewed in part in [85] [86] [87] [88] [89] [90] [91] [92] ). When these responses are dysregulated, for example, when DAMPs are emitted in excess or permanently, they may promote progressive reactive fibrosis, leading to late heart failure (for reviews, see [85] [86] [87] [88] 93] ). Consequently, DAMPs may be regarded as therapeutic targets to prevent MI-induced late heart failure [94] .
The challenge for cardiologists here is not to interfere too early and aggressively with the DAMP-promoted inflammatory → fibrogenic/reparative responses, which induce healing replacement fibrosis. In other words, too early or too drastic inhibition of DAMP emission may lead to catastrophic cardiac rupture due to an insufficient DAMP-promoted repair response. On the other hand, inhibition of DAMP emission that is too late may lead to progressive profibrotic responses that may result in a reactive fibrosis associated with heart failure. Together, these therapeutically induced adverse effects might be avoided by meticulous monitoring of the DAMP:SAMP ratio, which would allow application of DAMP inhibitors at the right time and in the right dose.
Indeed, this and other issues not mentioned here have to be tackled and solved in future targeted clinical trials before the theoretical framework described above can be transformed into clinical reality.
Outlook and Future Perspectives
The topic addressed here opens new avenues for modern medicine. Introduction of DAMPs and SAMPs as biomarkers in everyday clinical life will certainly enrich the diagnostic and prognostic options of clinicians and may allow better risk stratification of life-threatening diseases.
Beyond these positive aspects, DAMPs as biomarkers should play an increasing role in future environmental research. Thus, strikingly, the environment has now been recognized to be the major contributor to the global disease burden [95, 96] . Notably, 80-85% of human disease is reportedly linked to environmental exposures [97] . However, quantifying and specifying the myriad of environmental and lifestyle risk factors such as smoking, exposure to hazardous chemicals, and pathogenic microorganisms turned out to be very complex and difficult to manage [95, 98] . For example, persons can be exposed to a complex mixture of chemical and biological contaminants, with multiple sources, for varying durations across their life course.
To find a way out of this dilemma, the continuous endeavor of environmental research was intensified and culminated in the development of the "environmental health paradigm" [99] . This approach tries to integrate the knowledge of exposures and environmental health sciences by exploring the causal links between environmental exposure and adverse disease effects. Two prominent models emerged as a result of intense interdisciplinary discussions on the environmental health paradigm, called the exposome and the adverse outcome pathway concepts. The model of the environmental health paradigm-academically covered by the new field of exposure science [100]-has worldwide intensified efforts of modern environmental research to study the adverse effects of environmental agents on humans and animals. The main subject of such cross-disciplinary studies is the search for new tools to specify and assess the risk of adverse health outcomes caused by harmful environmental factors. Indeed, the field of environmental research is flourishing, as reflected by the establishment of an interdisciplinary area of environmental health sciences and public health.
Excitingly, there is accumulating evidence in support of the notion that both exogenous DAMPs (i.e., presented as harmful environmental factors) and endogenous DAMPs (i.e., caused by harmful environmental factors) represent an important integrating momentum of both concepts. Though not perfect, such an approach should represent a first step to integrate these unique molecules and their pathology-mediating functions into these two environmental health research paradigms. This momentum may give rise to an interesting tautological discussion on whether research on exogenous/endogenous DAMP-induced innate immune pathways and DAMP-shaped adaptive immune processes is just a specialised part of environmental health research or even the same topic! The final future aim of this approach certainly is to develop innovative DAMPbased in vitro tests for cumulative risk assessment, thereby allowing avoidance of the use of costly and (potentially) ethically flawed animal experiments.
Similarly, the introduction of DAMPs and SAMPs as therapeutic targets and therapeutics will certainly enrich the therapeutic options of clinicians and physicians and may allow new sophisticated and efficient treatment modalities indicated for all those disorders that are characterized by currently untreatable, dysregulated inflammatory responses, including inflammatory diseases caused by environmental exposure. In all these therapeutic efforts, however, it should not be forgotten that these molecules are responsible for the daily defense against any stress or injury. Also, here, the "Hippocratic oath" counts: "Primum non nocere."
Compliance with Ethical Standards
Funding No external funding was used in the preparation of this article.
Conflict of interest W.G. Land declares that he has no conflicts of interest that might be relevant to the contents of this article.
